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FRITZ ENGHtrERn~G LABORATORY
LEHIGH UNIVERSITY
BETHLEHEM, PENNSYLVANIA
":'I,:~:'< ,c:' ·~·~;!tJ~;f~:~i
. '87f.JJJ
tat-.J
T.b.1,S papaX' pl'eS6uttlth0X'&ii.rults of .a pra1111~intilry investi-
gatIon wl~lch censidered tll~ral!ltl'V~bondvii1u()ecf:t"U,gtadp$raO'
!i'o't~r di:tt'ar~nt deg~e$' of roe,t~::l$:UFtaoe1ti:rr&ta$tedtor th$:i.t:'
&ve~ln~ close to 4000 p..3.1. mtOO days. All the btilI"tl were 5/B
In.!'ound with b~t$ooo t1eto~tiong. 'fh~ barG were$el~~ted t~Al1
progr&.mw111 tollo'Wthl.$ona in wtdeh barg:,.&l~ -to 'b+3 exposed £019
twee,a!:1Zj nine, twe1.VG" (!t-ld fifteen month.a and for six d1flr~rent
stz~t5 ofbn.1?tw,..
Tnsresultssllow1;Hi tr4i:ethe ruat doos b.~ve anet'tsot on
the bond vaclue of ~lnro~o1ns ~rt0el; nnda.lso th.nt the nel)reeand
tY;le 01' ~U3t are t\iO of tht) most 11l11portant tat}to~$ to eona1det'.
lielntoreed OOliere·t;:.$' ;f!!$Qd.opted bytbe A1'nG'~:te·~COi"1ot'~teIns,tltut.e
~,- Al IP'!""'tlttI _ U. .el .. ~J .r., ' .
e(}nt.a.inthi$cla%:3;~:f}Jtf}t;.Ql relDfope~1..f!ent.~tth$ t!~~e tr.z5 eon-
O1"6t& is pllii.e~cl.s.hs.l1 be .tI~ee ft"OfAx:utat scale or"othe:r-coatl:O.f;5
thtat w.111. d~$troy or ra-J.uee the bond. U We may loakstt..ills sen-
tance 10 t\fO W&y$.. First sSlil'lX!:OOthat the 1nt;£)rp~et6r unde.ratandti
'thls: to ~.ant:o.atrust,m1.lst btl I'eU1.o·ved. The l~emo"Jalof t"l:t6t 1,0-
." itt
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ttdteatitt1.othep view at -t.bisq'.1o$ti~~~ :and 1.ntsI-pre\;$ it to !£~Ujn
tt'dlt ~$t$hQ,11 ba~~'Mloved :tf it i~ a.etr,';.),~entQlt() the. bond"
111 l!)OS PJ;"ofeasor M. (). Wi.tbey of ,~he 'Uriiv?ps1 ty of W:b~""!I'
eonsin~Qda $ ~~port~ntb~ ·~ft·~etor rosi:;o.D. bOt1tt .strsllgth•.
$tat~n@. th~tN.at ,ofz1;1;Jf$e4a d~ldiJ:d. ino~'&$e In tb() tx.md,.. ~..Gvelo~d
In .the followlnsatat~utvlttTh~tt:fil'U(}$().ftb~ bond d~velo~ in .
tn:$b~~.$eoot(i!nt!'41 r'U.$t:ed :~?U..rx(1 t'od.s l¥asd~~1e~dl¥ .hi~'lq'r ttban
thOse cYJtalned from ,be$sr~lnt~~6dwith platn rOlJJldr<Jds (Q~
dlns1"'Y r~11 S\~rB:eeJ. ,Iti$. sttldent fromt-hec teats tbat t-b.~' O@{l.
'.jee·tad tf,)e!t11~~ ~~t~~:tic OJ!' 1"'61lent.ed. .1oad.1.ng i.ti· Qoni:11.d0rabl1
gr~IAt$1" .tl1tU1,t~~ obta1nod: ;frQ~ Q ,plf1'i1n. 1f<>und%'oa 'Unde:t:~th~$n."il~.·
eopd:i.'t.l!1)IlSOi In th~aCi;}tGst$ tbe;$t~tleb¢n(ib:cdi$$6;UCOner~t~and
th~ 1/2-1'0.., lrIla'tedrot1nd~da a.-va,ra~e(t $S per. cent .g-rGQtct' tW'm
thil s4ml1~r vs:lt)e f~·omtoeG:t13 wher0 S/a-ln. plain F'QU'nO !-'od&.( ali""'"
Il11nc.l~Bull~tj.n ~<) ;t'lndPro¢:'&a:sCJ:t:" trufJf l\. J{bl~ras l"-$po~ti~:
u-·l'!l~t,E)ut~l on ~.st.eQ. bare gf,\;ve' a 'bondr$:f'iilstane" .b1&-~(31.. tb;a~.· th&.t
develcp~·d \tflth bm1'$hti!V'1ng ot"d:tn~1';r~11'1 EfflJ}'faceG.. Sud slftpbe-
the T'.1gted~la~$ wa~, 440 .p~a.1"'{I,ot' 16 p~r e~nt, 1:1igh1f}rthfAl1 fo'!!
ordlnaI7 ~()u'tids,.: !b.:i"s' Ji"$$Ult 18$ n.atur~ eons0quDne~ 'f;)ft.h'e
rougb.~!$stn"r~cet wb'1ehl~ l'$$pons:1blero1'" 'tba h1~$rbond -rtl-
sisttmeedevelopS(l by thG pU:$ted bars.u\l;e,al$o flnd ?~re8S()I>
J.R...,Sl::tankof Oh.fo st,at.e' Unlverait~" in ,ablUlettn pubUaht~d,
by 'that Un!verti)':ltyj 1"~p'Ot..t,:!ng tl'l~t',redwe$tb~~at~dbaraJ
ground rusted ana ganef bl~sted bf:U:'$ giv$ &PP~~~ltl:t,eJ;1' GO; S5~,
~nd93~o1"eent €;reGt$.~ 00:o.C1 \~·alJ.i~J1 ~G$~~eot1v~ly,;" thM; th~ ~l,~s,
,'U.nc{)$1.todbar~i1'
'i'~ ~cnditlC4'\'1 of' ~U$t~,dbe:r$ :1:$ ,tt tle:ld probl:sm."he:ra no
$l&borot~eQUip~()nt. 1$ tiV"s;11e:bl$j;, ,Qaa'~jlJ.l~,~tor :det~:f'minill,gtil~
d~~e ,'and (lOff.i\11tlon 01: rust; ,onn ,bar.' :.e~V'arQ1d!tJI',fer$nt,methods
"
vr~e.b. mt8ht be '~d~l;i't~tbl$' ~I,"$,t'~!e4' in thi~\l inV'esti~~tl00. 5m€Al1
ple-o.~a "'lte1,l'~ cut to:tl'U1Elite 'm.icl'}OtJhD"t<)ll'·ratihs,', Dutthe ero$ssectlon$QT" . . "!t'.. __ - .....
~0n""'.1nch $pec:i~ans: w@1r"ed'.1tand. ~lf6l1ed t:o the ,nearest
ten.tllot' a ~am., The rUst W"Q$ '3i'$mt)ved wI:ens Qurf'e~ and tr~
specl~e:aas.~eun we'l~hed.'1Pb$t'tSH:Jlllt$¢enb~,aaenlr.l¢ol~~s (6)'1:
(7)jtUld (8) or Tabls !.The d1f'f'ert)nce8ar~nGtve.ryeotlfd'$"~ent
~nd ~re tOQ's:t~s.11aa"1d:it'~@.llart,obe or pr~cti¢~l vaiuao,Lo.osS'
~tillselitlG$ndt>t~:stfll1it(')h:l!1:tlb~en remov~d by t.he bttfj;~er~
, "
~', . " . ..; ~".
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m111 seale $urf,aCtlQtID $~.eti:'M}$; nsve oee~21¢nal 1G111~~oMl
l,;uat ~pGti!i .ot:mmll. ,ef,l.z.e... 'rheba1" 1a falrlysrnooth. ·t.otouehand. .
11&'8 the ol"dlnary sill-seale ~.f)pea.F~ee,. Th~millGca1:Gwi1-1 not
flalt0; of'i:etts.l1y.
a~Otlp D """'!"'l"he b$l"~ in tld.$ vOup hav~ lQ$t :the mills-cale
eolo:r~J.darscov0~0dwith~. ltilye-~ of f1~~Yaat..· 'fhecolor of
the rust 1aQat"l4: bNm a..lldftiY$1..$ !SllghtJ,lr~~~· to tM tot~(';h,.,
l~llbhln~ \\I! th t11eha:nd~tl11~ot.J;!'e$Ov~ thE) rust.
(}!'OUl# .R, - rEhe bus tntJl1~ P~),t:tl?hil!v~ le,ti1t: &11 ~111.
settle a,PP$&ra.rte:~thel·or1i1Jl~lybati,;tll0'1 a'~~ p1:tte.'G. andoover~{i
withe. firm hard 1"tt$ctQ£(l~;rk bl:"o~ color,. The~e btiv$ ,reG!. rO'Ut)1t
to the toueb$n.d oocattl.('ulally 'g;ranu.lnr 'yie~~s, of ~.t-st(;ta:n b~ ~b­
bed off :bj;pleee~f4PP~XL"i~at·(1.111l64""'1n.lndl.m!l:~!te~.. fits oO,\U:lr
tll~ enti~. $U'!"+f'acf) but do' not'e:!t:t~iv~:F1 ds~ply 'bel()W the $r,U";f'tice.
Group F -Tilo bQ~s orthi.~€r'Ou~a.ppe.ar'tobe lnoott(lJ}'J
and give's th$. h~ndsL ~ i-ellow~1?oW!l&ta1n~:'i'h~reat;"l~nyplQc$$
wb,eretha'· mill 5Jeal¢ l'las~]y1l\ined int1il:ct... ~ rU6t is loose but
,
:notj~l£V'Y. 'this, '~u:gt tllila soft .~(l er-u$hfiiQ readily u,nderfWt.l8.l1
In ol"do-l? tQd-ett1rsn~1lthe r~l:~ttv~ ordel:'1)' ()f b<.lndvtlllue
f'0~tb0. bar~. 6 'bjf$:-ltl", ptI21oub~pe-e.b,'i;er.tawerelffls<1ea:nd,tr19 $nd
$1.1]1 me!iasu1'"$dwi th an A1mJ)~ OJ.e.l ~"-G$d1.tagtol/10.,OOOOi: ~m. :lnch.
Fi~:j:ll:P~ .III $h()~ .~ t,y:plea,l uet~tp for ~ p,ull-t"Ut te::rt.
~erOU'pQ? SpaelmeQ!J$l.$ .m~m.$ w1th:the bmJ$~n the.y
~e~e'r$C(rrlv'e(1'1n the lnbow....Q~o~y ... t..~lt: la~ lnt;}.;}:s. tmhrush$d
tO$'f ny!1..ttnd b$to~eth$Y ~e:re lnQ:e~Qrat0d in th~ bond$'P~ei~rl:s.
'"fha· oo~p;re8giit$at:r0p.gth ·0£ the eooc~~t.$aa obtained-on. 3 by6-ino
.
¢()nt~'l. spoo'lmens .€\.\70rag$d..about 4000 p~.s;.l., IIJ.btl propo.rilontng
of the eOll.¢:refte wae done by W'elgllt.. .lll~reg~tG$' W8F"8 dry ~t
th~ time of we!g;htng. '£h~ n!tl~ uacd \l(Q::lata t:O'll()~tU ·ee-meme 20.8 .
lb.. \ltate~ 15..,4 lb. ".$Qnd Sa...51b..S!e.....ln. cO(ir$~41~8&t~
36'..5 :lb... and.3/4-!n.. eOQr8~ ~gr$'g~t~ w\l.tgb1.ng 55~;Olb. ~'@'ent7"'"
. tOul"hoor$$;ft~.r 'b~ing; _~t~$l?~C:tm'ein~\Ve~a- pltte.aQ in t-be
moi$tl'oC!'!twha:;N) t:heycu,red rot- 2'1 dQy.-s :at fJOo It.. at i:4 ~lativ$
humid1t,. otlOO ~i' e..~nt,",·Tho t,c.atlngwa&l don", onQ 50_00~lb;.·
'rh:a8~t·~p la' tha..t 'sl1~~J;11n P'1~:.", :r:tI~d!'l.
Zn·il\dd1t:ton to the !>ttl.lout, t6$t$ ;ben~d:16 t'S$t:£Iw~~'e ~de
t;t>t> aa(l.b,4e.fri~~'~ o:t~u~ted ba:r~.,. i~&riba:I'i,E;fjt>~Jtt.enso~et~rr$a.t!­
inge W0f'e ~ittr.d~,o.rlt$'!o ,spee:l'e-l$!ll;lsnduQ%:,op of b~a;m~J .rf3!'Qdi'rJlg$'ii1~d6'i
on thr~e oth~1"$pee,i~~nil.toreaehdagt'ee ·Qtrt.\$:t,jt; fh~~$tt1tsot
. .
these tGnt$ s-l"eanown in Tabll\t) I ani! .Fl~. V,fl.' It isr eVident tr01.l
th~ table that the~ we,r$ b~~~selP.J·et·ed ~a tl'.n:\~(i)d1fterent h~f.tts.
An ob$sr~.er.j by viwal :tr~:p0et1onj can readily pi()k the ;soft. Qr
hardrost.s as mrel1 ta,Sa :mIll $osle. SlnO0t;hit· lnb~1oQ'~:hlg.ol'" pitt;ad
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thEt't; thetx1nd VEllu6 oi' ba~a~y pelsn,proved by ruat,i1'1;i;j pro--
vidi,D,a t'ba.t the'f:'!l;l~t 1$ h~~i.~l!'}.4 £,1~.a.. i~. a"n"tao~ viblOll. if!- p1't-'
the e~Sle 11tbe~(\' t.he 1"ttst ·t1~l'Jsort~"1d loo.ae lie· find tl1at th.L$
p$,~t1(}~n~"Nat,.# .@.,~ 1!~ Or-V~J!f ll&d.a lUDr1'eat1~; ;ef",te:et ~d
was<!$la')!Uik1nta;l·totb.e bond~
A'COtti;p&-r-1$'!m ot, Pi€1•. VI ,-aM. V:tI ;\~lU '~b~ ·'th~tin '~11el'7
O:ll$e-th$b~nd Yl~~1~1'Ov¢4 bybrushtng.. :f!$~'l1~;r:j the l~latl'Ve
PQ~;1tl{)nd:td nCittilt~!"to,~ylar~el),~ttint{}~eept that 'Ul'*()Up If
. .
·$.hO';i\'i):U. W1 l'~prO'v(:m~nt 01Te1" GttOl1P, l!J.aft.e!' .. ehe .b~d-ab1n"., ~~t$ll1ng,.
/
§.),thoue11 1t Imli,rov&d t-hebentl,; did not impl"Ov0 the b~ with th$
~ott.r l<u)serd$ttt:>{;;h$ vt&l'U:a otthau..:~st(;},ij 'b~zi"~ 'fllG' b1i"\l~"rl.ng
1ts~l.r lenot -e£teetivC' :L"1 ~ov1l1g the tU:l~$i~bl~ ~fi'oo:tof'
~... ,
'''rl~ l$rgexo program .f>$? bO:t:ld t~$t$, (;nP1lsted ba.1"8 should
.·,;..r:ivemQ:F,G eQ~l';tol ver~s:ult;, Qn the ~fr-t'}et ·of ~th~ ~~.'.,'·e-of ·~3t,.~ ." . ~ - .. . q
!'fjl~qQU.1~ 1.og1e'iQl tihfit th~ .bf~l1d. wl1.1 be :l~~CJve~ i.f tht~l"U$t :ts
Mtd and ~ttt-ad~ ~~t'lihe~thG:typ~orwUsi; 1~ $oft'",l(JOst'J ~




